All Staphylococcus aureus isolates (n531) that caused bacteraemia in a Spanish geriatric hospital during 1996-2006 were analysed by a simple, rapid and inexpensive PCR technique based on variations in the hsdS1 and hsdS2 genes encoding the sequence recognition subunits of the Sau1 restriction-modification (RM) system. An equal number of isolates collected from surgical wounds over the same time period (control group) were similarly characterized. The RM test allocated 75 % of the isolates to the six major clonal complexes (CC1, CC5, CC8, CC22, CC30 and CC45) for which it was developed. However, recognition of minor CCs and precise identification of the circulating clones required more powerful and comprehensive techniques such as spa typing and multilocus sequence typing (MLST), which are more demanding and expensive. The RM test is not intended to replace spa or MLST typing, but may be of use when time, technical and/or financial resources are limited. Overall, nine and seven CCs were detected in bloodstream and wound isolates, respectively. In both groups, CC5 was the most frequent (35.5 % each), followed by CC45 or CC8 (22.6 and 32.3 % of bloodstream and wound isolates, respectively). The frequency of meticillin resistance was lower in bloodstream (16.1 %) than in wound (51.6 %) isolates (P50.0025). Among the former, sequence type (ST) 5-staphylococcal cassette chromosome mec (SCCmec) II, ST5-SCCmec IV, ST45-SCCmec IV and ST125-SCCmec IV (now dominant in Spanish hospitals) clones were found. Among the wound isolates, nine meticillin-resistant clones were represented, with three of them (ST125-SCCmec III, ST125-SCCmec V and ST14-SCCmec V) being newly described.
INTRODUCTION
Staphylococcus aureus is a highly versatile pathogen of great importance in human medicine. It is capable of causing a wide range of diseases, from food poisoning and skin infections to life-threatening conditions such as bacteraemia, pneumonia, osteomyelitis and endocarditis (Lowy, 1998) . The impact of S. aureus, in both nosocomial and community settings, has prompted a wealth of epidemiological studies, applying a variety of techniques including PFGE typing (Cookson et al., 2007) , staphylococcal protein A sequencing (spa typing) (Frénay et al., 1996; Shopsin et al., 1999; Friedrich et al., 2008) and multilocus sequence typing (MLST) (Enright et al., 2000) . Sequence-based methods provide unambiguous data, allow the creation of central databases that permit the comparison of results generated at different times and geographical locations, and have been applied successfully to disclose clonal relationships among isolates of this pathogen.
It has been demonstrated that most human S. aureus isolates belong to one of ten major lineages or clonal complexes (CCs) (Enright et al., 2002; Oliveira et al., 2002; Feil et al., 2003) and that DNA exchange between members of different lineages occurs at a lower frequency than DNA exchange between members of the same lineage (Waldron & Lindsay, 2006) . This fact has been attributed to the presence of Sau1, a type I restriction-modification (RM) system found in all S. aureus chromosomes sequenced so far (Waldron & Lindsay, 2006) . The system is encoded by a single restriction gene (sau1hsdR) and two copies of the modification (sau1hsdM) and sequence-specificity (sau1hsdS) genes. The two copies of hsdS (sau1hsdS1 and sau1hsdS2) vary substantially among isolates, and this variation has been shown to be correlated with the dominant lineages (Waldron & Lindsay, 2006 ). This has been exploited for the development of a rapid, simple and inexpensive test that allows the identification of six of the ten major CCs (CC1, CC5, CC8, CC22, CC30 and CC45), which include most of the meticillin-resistant S. aureus (MRSA) strains currently circulating in nosocomial and community settings. The RM test is based on three PCRs with primers targeting sau1hsdS1 and/or sau1hdS2 variants characteristic of each of the indicated lineages. This technique is not intended to replace the more comprehensive typing methods, but may be applicable in circumstances where time, technical and/or financial resources are limited (Cockfield et al., 2007) .
In the present study, we applied the RM test as an initial procedure to identify the major CCs of S. aureus that have been causing bacteraemia in a Spanish geriatric hospital for more than a decade (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) , and to compare them with a control group responsible for surgical wound infections in patients attending the same hospital over the same time period. In order to corroborate the results obtained with the RM test, recognize minor CCs and identify precisely the clones that have been circulating in the hospital, all isolates were also subjected to spa typing, whilst MLST was performed for 85 % of them. In addition, all isolates were characterized with regard to the accessory gene regulator (agr) system (Lyon & Novick, 2004) , and the type of staphylococcal cassette chromosome mec (SCCmec; International Working Group on the Classification of Staphylococcal Cassette Chromosome Elements, 2009) was established for the MRSA isolates.
METHODS
Hospital characteristics. The Monte Naranco Hospital (MNH) of Oviedo, Asturias, Spain, has a capacity of 200 beds, with about 80 % bed occupancy over the last decade. Patients at the MNH are always referred from the Hospital Universitario Central de Asturias, which is the major tertiary care hospital in the region. Most persons attending the MNH are geriatric patients, but programmed surgery is also performed on the general population.
Bacterial isolates. Sixty-two S. aureus isolates collected in the MNH over 1996-2006 were analysed in the present study. The isolates were identified at the Microbiology Laboratory of the hospital using standard procedures. They included a number of isolates that caused bloodstream infections (termed B-isolates, n531, each from a different patient) and an equal number of isolates collected from patients with infected wounds (termed W-isolates), associated with chronic vascular conditions or traumatological surgery. The microbiological and patient reports corresponding to the 62 isolates were revised and data from both the bacteria (year of isolation and antimicrobial resistance) and the patient (sex and age) were recorded (Tables 1 and 2 ). Susceptibility to oxacillin, ampicillin, amoxicillin/ clavulanic acid, cefazolin, cefotaxime, gentamicin, amikacin, kanamycin, tobramycin, erythromycin, tetracycline, tigecycline, ciprofloxacin, moxifloxacin, clindamycin, trimethoprim/sulfamethoxazole, chloramphenicol, rifampicin, linezolid and mupirocin was investigated by the disc diffusion method (CLSI, 2009) . MICs for vancomycin were determined by Etest (bioMérieux). Interpretation of the results followed the Clinical and Laboratory Standards Institute guidelines (CLSI, 2009), except in the case of the inhibition zone diameters of tigecycline (Brown & Traczewski, 2007) and mupirocin (Finlay et al., 1997) .
Typing techniques. The PCR test for sau1hsdS gene variants, spa typing and MLST were performed as described elsewhere (Cockfield et al., 2007; Harmsen et al., 2003; Enright et al., 2000) . Sequencing of the PCR products generated by spa typing and MLST was carried out either at Qiagen (Hilden, Germany) or at Secugen S.L. (Madrid, Spain). The StaphType software tool developed by Ridom (http:// www.ridom.de) and the MLST website (http://www.mlst.net) were used to assign spa types and sequence types (STs), respectively. Isolates were grouped into a single CC when at least five of the seven housekeeping genes used in the MLST scheme were identical (Enright et al., 2000) . The agr group was identified by PCR amplification using oligonucleotides reported previously (Moore & Lindsay, 2001; Tenover et al., 2006) . For all MRSA isolates, the type of SCCmec was investigated by a multiplex PCR protocol that identifies SCCmec types I-V (Zhang et al., 2005) . Strains used as positive controls were 93-00134 (SCCmec I), 93-01150 (SCCmec IVa), 03-02773 (SCCmec IVb), 96-01678 (SCCmec IVc) and 02-02756 (SCCmec IVd) (kindly provided by the German National Reference Center for Staphylococci, Robert Koch Institute, Wernigerode, Germany; Strommenger et al., 2008; Kurt et al., 2009) , MRSA 34-(3155-6) (SCCmec II) (Argudín et al., 2010a ; German National Reference Center for Surveillance of Nosocomial Infections, Charité University Medicine, Berlin, Germany), 07S00436 (SCCmec III) and 07S00112 (SCCmec V) (Argudín et al., 2010b ; German National Reference Laboratory for Coagulase-Positive Staphylococci, Federal Institute for Risk Assessment, Berlin, Germany). As the protocol of Zhang et al. (2005) has misclassified some SCCmec V isolates of animal origin as SCCmec III (Jansen et al., 2009) , SCCmec III isolates were further analysed by PCR amplification using primers for different regions of SCCmec III, as reported previously (Ito et al., 2001; Argudín et al., 2010b) . In addition, isolates that were not typable by the protocol of Zhang et al. (2005) were further analysed as described by Oliveira et al. (2008) . Statistical comparison of the frequencies of meticillin resistance within the B-and W-groups was performed by a x 2 test. Isolates showing identical features were considered to be the same strain.
RESULTS

Bacteraemia by S. aureus in the MNH
From January 1996 to December 2006, a total of 45 858 patients were hospitalized at the MNH. During this period, S. aureus was recovered from 31 out of 228 patients with true bacteraemia (13.6 %), occupying the third position after Escherichia coli and Staphylococcus epidermidis (26.3 and 15.8 %, respectively). The incidence of S. aureus bacteraemia was 0.68 episodes per 1000 inpatients, and the number of cases per year ranged from one to six. All patients with S. aureus bacteraemia were in geriatric wards. Their age ranged from 65 to 95 years (17 male, 14 female; Table 1 ).
Population structure of S. aureus
For a comprehensive analysis of the S. aureus clones that caused bacteraemia in the MNH, the 31 B-isolates were initially analysed by the sau1hsdS RM test and then by spa typing, whilst 25 isolates (80.6 %) were also subjected to MLST. A total of 24 isolates could be typed by the RM test, and they were distributed among five CCs: CC1, CC5, CC8, CC30 and CC45 (Table 1) . However, nine CCs were identified by the more powerful sequencing-based techniques: CC5 (11 isolates; 35.5 %), CC45 (seven isolates; 22.6 %), CC88 (three isolates; 9.7 %), CC8, CC30, CC15, CC121 (two isolates; 6.5 % each), CC1 and CC25 (single isolates; 3.2 % each). As in the case of the B-group, 24 of the 31 W-isolates could be typed by the RM test and were assigned to three CCs: CC5, CC8 and CC45 (Table 2) . When spa typing was applied to all W-isolates and MLST to 90.3 % of them (28 isolates), seven CCs were recognized: CC5 (11 isolates; 35.5 %), CC8 (ten isolates; 32.3 %), CC15 (five isolates; 16.1 %), CC45 (two isolates; 6.5 %), CC25, CC59 and CC72 (single isolates; 3.2 % each). It is of note that two isolates, one from the bloodstream and one from a wound infection, which were allocated to CC5 by the RM test proved to be t081/ST25 and hence belonged to CC25. This was the only discrepancy found between the new technique and the spa/MLST results.
The four types of agr regulatory system, agrI (29.0 %), agrII (38.7 %), agrIII (19.4 %) and agrIV (12.9 %), were represented in the B-group, whilst in the W-group the isolates carried agrI (38.7 %), agrII (51.6 %), agrIV (3.2 %) or agrI/ agrIV (6.5 %), in which positive amplification was obtained with primer pairs specific for the two agr types. Overall, a strong correlation between CCs and agr type was observed, although previously reported exceptions were also found ( Fig. 1 ; Robinson et al., 2005; Wright et al., 2005) .
Meticillin resistance and SCCmec typing
A total of 21 isolates (33.9 %) were MRSA, but they were unequally distributed between the B-and W-groups. Among the 31 B-isolates, only five were MRSA (16.1 %; each assigned to a distinct strain), and they showed the additional resistances indicated in Table 1 . Four isolates belonged to CC5 and carried SCCmec II or SCCmec IVc. The fifth isolate belonged to CC45 and contained SCCmec IVc. Within the W-group, 16 isolates (51.6 %; assigned to 12 strains) were MRSA (Table 2) . Five were included in CC5 and carried SCCmec II, SCCmec III, SCCmec IVa or SCCmec V. Nine out of ten CC8 isolates were MRSA, due to the presence of SCCmec I or SCCmec III. Two other MRSA isolates from wounds belonged to CC15 (SCCmec V) and CC45 (SCCmec III). All except four MRSA isolates (81 %) were resistant to ten or more of the antimicrobials tested, whilst most meticillin-sensitive S. aureus (MSSA; 78 %) isolates were either susceptible or resistant to three or fewer drugs (Tables 1 and 2 ; also see Fig. 2 for representative examples of SCCmec determination).
Taken together, the results of the present study revealed a wide diversity among the isolates collected in the MNH from blood and surgical wounds, which could be assigned to 25 and 22 strains, respectively (Tables 1 and 2 ). Of these, only three (strains 10, 15 and 16) were represented in the two groups, and two of them (strains 15 and 16) were recovered first from a wound and then from blood of the same patient (a 75-year-old man and a 93-year-old woman, respectively).
DISCUSSION
A combination of molecular typing techniques allowed the assignment to CCs of the isolates causing S. aureus bloodstream infections in the MNH. Regarding the use of the new sau1hsdS RM test, 74.2 % of the B-isolates were correctly assigned to five major CCs (CC1, CC5, CC8, CC30 and CC45) and an identical percentage of the Wisolates were correctly placed within three CCs (CC5, CC8 and CC45). This was confirmed by spa typing of all isolates and determination of the ST type for 85 % of them. Seven isolates from each group that were non-typable by the RM test could be assigned to CC15, CC88 and CC121 in the case of the B-group, and to CC15, CC59 and CC72 in the case of the W-group, by the sequencing-based techniques. The RM test was not intended to identify these minor CCs (Cockfield et al., 2007) . However, two CC25 isolates (strain 16), both recovered from the same patient, were incorrectly placed within CC5 by the RM test. The primers designed by Cockfield et al. (2007) for detection of the sau1hsdS2 gene specific for CC5 were slightly degenerated, to cover all isolates belonging to this major lineage. However, a comparison performed with CLUSTAL W (http://www.ebi. ac.uk) showed that they also anneal with the sau1hsdS2 gene of CC25, which is an MSSA lineage with relatively low impact in the nosocomial setting. Despite this limitation, the results of the present study corroborate the potential of Fig. 1 . Determination of agr type by PCR amplification using primer pairs specific for agrI, agrII, agrIII (Moore & Lindsay, 2001) and agrIV (Tenover et al., 2006) . l, Lambda DNA digested with PstI used as a size standard (bp). Lanes: 1, agrI amplicon (351 bp) generated from strain C258/1996 (CC8); 2, agrII amplicon ( the RM test as a simple, rapid and inexpensive method that can routinely be applied to disclose the major lineages represented in any S. aureus collection and to detect the emergence of uncommon lineages. These can then be identified accurately by more powerful techniques, such as spa typing and MLST, which are more laborious, timeconsuming and expensive.
A previous study, performed by the EPINE group, which surveys the prevalence of nosocomial infections in Spain, revealed that, in comparison with B-infections, those affecting other sites were more likely to be caused by MRSA (Asensio et al., 2006) . In agreement with this, the frequency of MRSA in the MNH was significantly lower in B-than in W-isolates (16.1 and 51.6 %, respectively; P50.0025). The five MRSA isolates that caused bacteraemia were identified as ST5-SCCmec II (New York/Japan clone; Wannet et al., 2004) . In contrast, more than half of the MRSA isolates from wounds belonged to CC8 (56.3 %) and were recognized as ST247-SCCmec I (Iberian clone; Sanches et al., 1995) or ST239-SCCmec III (Brazilian/Hungarian clone; Robinson & Enright, 2004) . The latter clones did not cause bacteraemia over the studied period, but an ST247 MSSA isolate resistant to ten antimicrobials (strain 12) was recovered from the blood of a patient in 1998. Other MRSA isolates from wounds were ST45-SCCmec III (Nulens et al., 2009) , ST125-SCCmec IV (Pérez-Vázquez et al., 2009), ST228-SCCmec IV ), ST125-SCCmec III, ST125-SCCmec V and ST14-SCCmec V, the latter three being newly described.
Up to 65.9 % (27/41) of the MSSA isolates from the MNH had a genetic background common to epidemic hospitalor community-associated MRSA lineages (CC1, CC5, CC8, CC30, CC45 and CC59; Deurenberg & Stobberingh, 2008) , but MSSA isolates belonging to CC15, CC25, CC72, CC88 and CC121 were also observed. Apparently, the latter lineages do not provide a stable genomic environment for the integration of SCCmec (Katayama et al., 2000) , although rare exceptions have been reported (Campanile et al., 2009; Ho et al., 2007) and the ST14-SCCmec V clone belonging to CC15, found in the MNH, constitutes another example.
In conclusion, the combination of techniques applied in the current study revealed the diversity of MRSA and MSSA CCs, clones and strains that have been circulating in a Spanish geriatric hospital for more than a decade. The dominant CC was CC5, which, primarily associated with t002/ST5 and t067/ST125, has become the most common CC in Spanish hospitals (Pérez-Vázquez et al., 2009; Vindel et al., 2009) , including the tertiary hospital from which the MNH inpatients are referred (Argudín et al., 2009) . Recently, analysis of single-nucleotide polymorphisms has demonstrated that ST5 is heterogeneous, consisting of at least five geographically associated clades (Nübel et al., 2008) . Application of this highly discriminatory genotyping tool will help to elucidate the evolutionary history of ST5 and ST125 in Spain, and the basis for their success in recent times. 
